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This invention relates to phenolic compounds, particularly phenolic compounds employed as antioxidants 
for organic compositions, more particularly for lubricating oil compositions and normally liquid fuel composi- 
tions. 

Organic materials are often susceptible to oxidation, resulting in undesirable effects such as objectionable 
odor, sludge formation, loss of strength, development of or increased acidity, and the like. 

Numerous compounds have been found to reduce oxidative susceptibility of various organic materials. Well 
known antioxidant compounds include various divalent sulfur-containing compounds, certain aromatic amines 
and phenolic compounds and derivatives. Certain hindered phenolic compounds have been described as being 
particularly suitable as antioxidants for organic materials, especially on a cost-performance basis. However, 
not all compounds of this type provide antioxidancy. Furthermore, numerous compounds of this type possess 
other properties which are objectionable. It is also desirable that lubricating and fuel compositions are essen- 
tially free of chlorine. Preferably, they contain no chlorine. 

Davis, et al in US Patent 2,538,355 describes 2,2'-alkylene bis-4,6-dialkyi phenols of the formula 



15 



20 



OH 




25 



wherein R, is a straight chain alkyl radical of from 1 to 3 carbon atoms and R 2 is a tertiary alkyl radical of from 
4 to about 8 carbon atoms as rubber stabilizers. 

Stevens et al in US Patent 2,515,906 describes bis (hydroxy phenyl) compounds of the formula 



30 



35 




40 



45 



wherein R 1 is selected from the class consisting of secondary and tertiary butyl groups and R 2 is selected from 
the class consisting of alkyl, cycloalkyl, aryl, aralkyl and alkaryl groups as additives for oil. In US Patent 
2,570,402, Stevens et al describes oils and gasolines containing these compounds. 

Knowles et al in US Patent 2,830,025 describes lubricating compositions containing monomeric conden- 
sation products of alkylated phenols with carbonyl-containing compounds. The condensation products are rep- 
resented by the formulae 




and 




wherein R is a hydrocarbon radical which may be alkyl, aryl, aralkyl or alkaryl, R, is tertiary alkyl, R 2 is a hy- 
drogen or an alkyl radical and R 3 is a hydrocarbon radical such as R. R is preferably alkyl having from 1 to 12 



SDOCID: <EP 0593301 A 1_l_> 



EP 0 593 301 A1 



10 



15 



carbons. R, is tertiary alkyl containing 4 to 12 carbons, R 2 is hydrogen or methyl and is preferably alkyl or 
halogenated alkyl having up to 7 carbon atoms. 

It has been found that in certain applications, many of the bis-t-alkyl phenols of the art are ineffective or 
only marginally effective. Lubricating oils require antioxidants that are soluble or dispersable in oil in amounts 
effective to provide ant.ox.dancy. High temperature applications require additives that are stable at the elevated 
SIS ? S t f riSJ f bStantia,| y nonvolatile under conditions of use. By substantially non-volatile is 

~* "LI ,k IT- r P ? ferab,y at ' eaSt 75% and m ° re P refera bly at least 90% by weight of the additive 
remains in the lubncant under conditions of use. 

For fuels, solubility in the fuel is also required. 

For use in other applications such as resins, rubbers, waxes, etc. it is generally desirable that the com- 
pounds do not impart pronounced color to the substrate and also are substantially non-volatile 

We have now found it possible to provide novel phenolic compositions that will impart useful and desirable 
properties to organic materials; uej»if<aoie 

to provide novel organic compositions containing the novel phenolic compositions of this invention- and 
tion P * " 0Vel IUbnCant a " d ftjel "^positions containing the novel phenolic compounds of this in'ven- 
According to one aspect of the present invention, there are provided novel compounds of the general for- 
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(I) 



wherein each R, is independently a tertiary alkyl group containing from 4 to about 8 carbon atoms and each 
of X, Y and Z is independently hydrogen or a hydrocarbon-based group, provided at least one of X, Y and 2 is 
an ahphabc hydrocarbon group containing at least 7 carbon atoms, and wherein R, is differentfrom the at least 
one of X Y and Z that is an aliphatic hydrocarbon group containing at least 7 carbon atoms, R 2 is an alkylene 
or alkyhdene group, and n is a number ranging from zero to about 4. 

hn,o M f th h ° dS ? r Pre ? a ™? n ° vel pheno,ic compounds are also provided. Organic compositions, including lu- 
bricants based on oils of lubricating viscosity and fuels based on normally liquid fuels are within the scope of 
h,s invention Add.t.ve concentrates containing the novel phenolic compounds of this invention also are within 
the scope of this invention. 

iting example referred *"* embodiments of the P resent invention will now be given by way of non-lim- 

As used herein, the terms "hydrocarbyl", "hydrocarbon-based", "hydrocarbon" or "hydrocarbyl group" are 
un ess otherwise indicated, used interchangeably, and denote a group having a carbon atom directly attached 
to the remainder of the molecule and having predominantly hydrocarbon character within the context of this 
invent™ Thus, these terms include hydrocarbon, as well as substantially hydrocarbon groups. Substantially 
hydrocarbon describes groups, including hydrocarbon based groups which contain non- hydrocarbon substitu- 
group° r " 0nCa at ° mS in 3 ring or chain wnicn d0 no* alter the predominantly hydrocarbon nature of the 

Hydrocarbyl groups can contain up to three, preferably up to two, more preferably up to one, non-hydro- 
iSSLS!? non - carbon neteroatom in a ring or chain, for every ten carbon atoms provided this non- 

r^f ^ lu' non - carbon netereatom does not significantly alter the predominantly hydrocarbon 

character of the group. Those skilled in the art will be aware of such heteroatoms, such as oxygen, sulfur and 

SSr^^ ^ eXamP ' 6 ' hydrOXy '- ha '° (eSPeda " y Ch,0r ° a " d f ' UOro >- 

Examples of hydrocarbyl groups include, but are not necessarily limited to, the following- 
(1) hydrocarbon groups, that is, aliphatic (e.g., alkyl or alkenyl). alicyclic (e.g., cycloalkyl, cycloalkenvl) 
groups, aromatic groups (e.g., phenyl, naphthyl), aromatic-, aliphatic- and alicyclic-substituted aromatic 
groups and the like as well as cyclic groups wherein the ring is completed through another portion of the 
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molecule (that Is, for example, any two indicated groups may together form an allcyclic radical); 

(2) substituted hydrocarbon groups, that is, those groups containing non- hydrocarbon containing substitu- 
ents which, In the context of this invention, do not significantly alter the predominantly hydrocarbon char- 
acter; those skilled in the art will be aware of such groups (e.g., halo (especially chloro and f luoro), hydroxy, 

5 alkoxy, mercapto, alkyimercapto, nitro, nitroso, sulfoxy, etc.); 

(3) hetero atom containing groups, that is, groups which will, while having a predominantly hydrocarbon 
character within the context of this invention, contain atoms other than carbon present in a ring or chain 
otherwise composed of carbon atoms. Suitable heteroatoms will be apparent to those of ordinary skill in 
the art and include, for example, sulfur, oxygen, nitrogen. Such groups as, e.g., pyridyl, furyl, thienyl, imi- 

10 dazolyl, etc. are representative of heteroatom containing cyclic groups. 

Typically, no more than about 2, preferably no more than one, non-hydrocarbon substituent or non-carbon 
atom in a chain or ring will be present for every ten carbon atoms in the hydrocarbyl group. Usually, however, 
the hydrocarbyl groups are purely hydrocarbon and contain substantially no such non- hydrocarbon groups! 
substituents or heteroatoms. 

15 Unless indicated otherwise, hydrocarbyl groups may be saturated or unsaturated. Saturated groups in- 

clude those which are substantially saturated. By substantially saturated it is meant that the group contains 
no more than one carbon-to-carbon unsaturated bond, olefinic unsaturation, for every ten carbon-to-carbon 
bonds present. Often, they contain no more than one carbon-to-carbon non-aromatic unsaturated bond for ev- 
ery 50 carbon-to-carbon bonds present. Frequently, hydrocarbyl groups are substantially free of carbon to car- 

20 bon unsaturation. It is to be understood that, within the context of this invention, aromatic unsaturation is not 
normally considered to be olefinic unsaturation. That is, aromatic groups are not considered as having carbon- 
to-carbon unsaturated bonds. 

The phenolic compounds of this invention have the general formula 



25 



30 




n 

35 

wherein each is independently a tertiary alkyl group containing from 4 to about 8 carbon atoms and each 
of X, Y arid 2 is independently hydrogen or a hydrocarbon- based group, provided at least one of X, Y and 2 is 
an aliphatic hydrocarbon group containing at least 7 carbon atoms, and wherein R, is different from the at least 
one of X, Y and 2 that is an aliphatic hydrocarbon group containing at least 7 carbon atoms, R 2 is an alkylene 
40 or alkylidene group, and n is a number ranging from zero to about 4. 

Each group must be a tertiary alkyl group. Tertiary alkyl groups have the general structure 



J 

45 K C 

I 

L 

wherein each of J, K and L is an alkyl group. Representative tertiary alkyl groups are tertiary butyl, tertiary 
so amyl, tertiary hexyl and tertiary octyl. The R 1 groups may be the same or different. Preferably all R, are the 
same, more preferably, they are all tertiary butyl groups. 

Each R 2 is independently a divalent group such as an alkylene or an alkylidene group. These groups may 
be substituted, for example, by various hydrocarbyl groups such as alkyl and aryl groups. Representative ex- 
amples of suitable R 2 groups are methylene, ethylene, propylene, phenyl substituted methylene, methyl sub- 
55 stituted methylene, methyl-ethylene and the like. Typically, each R 2 contains from one to about 10 carbon 
atoms, preferably from one to about three carbon atoms. In one preferred embodiment, R 2 is phenyl substituted 
methylene. In a most preferred embodiment, each R 2 is methylene, that is, a group of the formula -CH 2 -. 
Each of X, Y and 2 is, independently hydrogen or a hydrocarbon- based group. At least one of X, Y and 2 

4 
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wT^on atom? 0 "' 60 " ^ C ° ntaining at ,east 7 carbon atoms - P ref *rably from at least 7 up to about 

orouT TifZ « CU,ar,y r eferred ambodiment - each of * V and Z is, independent*, an aliphatic hydrocarbon 
group, at least one containing at least 7 carbon atoms, up to about 100 carbon atoms 

Qm .,'n n r„ 0 f ther P f 6rred . embodiment - at least on * «rf X, Y and Z is, independently, an aliphatic hydrocarbon 
group containing from about 8 to about 30 carbon atoms, preferably from 12 to about 18 carbon atoms 

In a further embodiment, at least one of X. Y and Z is. independently, an aliphatic hydrocarbon group con- 

EXST JSltSr carbon atoms - preferab,y from 18 to about 30 ato - -"^KSS 

In still another embodiment, at least one of X, Y and Z is, independently, an aliphatic hydrocarbon qrouo 
200 and more of ten up to about 100 carbon atoms. i°a D our 
an a ?nhT hT d he I einabove - in °ne particularly preferred embodiment, each of X, YandZ is. independently 
str.tL ^ ..h' 008 " 9 ;° v up v These 9 rou P s ma V be tb * ^me or different. Within the aforementioned con! 
strain* that at least one of X, Y and Z is an aliphatic hydrocarbon group containing at least 7 carbon atom" 
the others may be alky, or a.kenyl, preferably alky.. Thus each of these groups will contain at least one £X 
TZTZ^ T more -, Preferab * «"* from one to about 500 carbon atoms, preferably from 4 

to about 1 00 carbon atoms, often from about 4 to about 30 carbon atoms. These groups also frequentiy contein 
a.eastabout7,moreoftenat,eastabout8.^^ 

atoms, up to about 100 carbons. preferably up to about 50 carbon atoms, ofte'n up to about 30 atoms 

a TJEZV? P K bOUt 18 Cart0n at0mS - AS ment, '° ned he ^" a «'ove. at least one of X. Y and Z muHe 
an aliphatic hydrocarbon group containing at least 7 carbon atoms. 

In another embodiment, within the constraints that at least one of X. Y and 2 is an aliphatic hydrocarbon 
group containing at least 7 carbon atoms, the other members of X. Y and Z may be hydrogen or otheT na" 

bTI no t c i^r h r examp they may be aryi - ara,kyi or a,karyi i^zss. 

naphthy. etrhefe^, ST?' P yl ' ^ ^ Substituted ^'substituted 

napntnyl, etc.. hetero atom containing groups such as pyridyl, thienyl, etc 

hvdr^L^™ emb0di ^ ,ent • With , in constraints that at leas ' one of X. Y and Z is independently an aliphatic 

ZtTZT 9 P COn ?' nm9 31 ' eaSt 7 Carb0 ° at ° mS ' the remainin 9 membere ma * ^ a mixture of aliphatic 
hydrocarbon groups and groups that are not purely aliphatic such as those il.ustrated hereinabove. These m,2 
tures may include those wherein at least one of X. Y or Z is hydrogen 

S ub s t S n« d .f 3ted he ; ei " abOV ,f ' il is desirab,e for hi 9h temperature applications that the phenolic antioxidant is 
substantially non-volatile under conditions of use. Another important consideration is compatibility of the ph* 

«r i T 0 K rt f nt K° mPatibi i ity iSSUS iS thS SO,Ubi "' ty ° f the com P^"d in the substrate (e.g.. rosin, oil fuel 
etc.) m which ,t .s being used. It is generally important that the phenolic compound is soluble in or readHy dte 

o^^hLh! T * 1 PartS> m ° re preferab| y at leas * 10 parts, even more preferably at least 100 

Irt L , P , ' S SO ' Uble ° r C " n be re3dily diSpersed in 1 0000 P arte organic substrate 

It is particularly important that the phenolic compound remains soluble or uniformly dispersed in the subsfrate 
under anticipated conditions of storage and use. suosrrate 
Under certain conditions, such as low temperatures, the presence of groups having a wax-like character 

come by the use of pour point depressants (discussed in greater detail hereinafter). Also, waxy materials can 

r^rrsr" and p °- * ~- -zees 

"Waxy" character is often associated with carbon compounds having long chains (e q at least 8 carbons 
XY^n^ 



55 



^~::~ e than 10 carbon atoms - More preferab,y - the strai ° ht chai - d - - «»i 

nh*Ii> subscri P* ^ f ™™ber ranging from 0 to about 4. Thus, when n is a number greater than 0 the 
phenolic compound of this invention will contain one or more groups of the formula 
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OH 




Y 



10 wherein R 2 and Y are as defined hereinabove. When n is a number greater than 1, there is more than one 
group of formula (V). In this case, there is more than one group Y. Each Y is independently hydrogen or a hy- 
drocarbyl group as defined hereinabove, within the constraints that at least one of X, Y and Z is an aliphatic 
hydrocarbon group containing at least 7 carbon atoms. 

In one preferred embodiment n equals about 1 and Y is hydrogen or an aliphatic hydrocarbon group, pre- 
15 ferably an alkyl group. Preferred groups Y are those discussed hereinabove. 

In another preferred embodiment, at least one group Y has the general formula 



OH 



20 



25 




(VI) 



wherein W is a hydrocarbyl group, preferably an aliphatic group, more preferably an alkyl group, and and 
R 2 are as defined hereinabove. In one particularly preferred embodiment, n equals about 1 and each Y is in- 
dependently a group of formula (VI). 
30 In another preferred embodiment n equals zero; then X and Z are each as defined hereinabove and Y is 

absent. 

Examples of phenolic compounds of the type represented by Formula (I) include 2,2'-methylene-bis(6-t- 
butyl-4-heptyl phenol); 2,2'-methylene-bis(6-t-butyl-4-octyl phenol); 2,2'-methylene-bis-(4-dodecyl-6-t-butyl 
phenol); 2,2'-methylene-bis-(4-octyl-6-t-amyl phenol); 2,2'-methylene-bis-(4-octyl-6-tertiary octyl phenol); 

35 2,2'-methylene-bis-(4-dodecyl-6-tertiary amyl phenol); 2,2'-methylene-bis-(4-heptyl-6-tertiary octyl phenol); 
2,2'-methylene-bis-(6-t-butyl-4-octadecyl phenol); 2,2'-methylene-bis(6-t-butyl-4-polybutenyl phenol), 1,2- 
di(2-hydroxy-5-dodecyl-3-t-butyl phenyl) ethane, 1,1-di(2-hydroxy-5-octadecyl-3-t-amyl phenyl) propane, 
2,2 , -phenylmethylene-bis(4-tetrapropenyl-6-t-butyl phenol), 2-(3,5-di-t-butyl-2-hydroxy phenyl), 2-(3-t-butyl- 
5-polybutenyl(1000)-2-hydroxy phenyl) methane and others. 

40 The word "tetrapropenyl" is sometimes used herein to refer to a substituent on a phenolic compound, in- 

cluding reactants and compounds of this invention. It is not intended that the use of the word "tetrapropenyl" 
refers to a group containing olef inic unsaturation. The word "tetrapropenyl" as used herein refers to groups that 
are derived from propylene tetramer. These are highly branched, dodecyl groups. 
When n=1, the compound of Formula (I) has the general structure 



OH OH OH 



50 




55 - 

wherein each of R 1f R 2 and X, Y and Z is as defined hereinabove. Illustrative examples of these compounds 
are those in the following table: 

6 
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t-butyl 


methylene 


t-butyl 


t-butyl 
t-octyl 


methylene 


t-butyl 
methyl 


t -butyl 
t-butyl 


methylene 
methylene 


tetrapro— 
penyl 

tetrapro— 
penyl 


-butyl ; 
-ajnyl 


methylene 


octyl 


-butyl 


methylene 


heptyl 


-butyl 


methylene 


hydrogen 



tetrapro- 
Penyl 

octadecyl 

polyisobu- 
tenyl (looo) 

tetrapro- 
penyl 



CH, 



OH 




t-butyl 

t-butyl 
methyl 

tetrapro- 
Penyl 

tetrapro- 
penyl 



t-Butyl 
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octa- 
decenyl 

Polypro- 

penyl 

(1000) 



octyl 

heptyl 

hydrogen 
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(ID 



wherein at least about 50% nf »ho d 

atoms with an oIef in of the ^ * 9roups are ahphatic hyurocanoon groups containing at .east 7 caroon 



C = C 
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earth meta. is se.ected from the group consisting of M .cium s b^ 

wherein the molar ratio of (II) to aldehyde or ketone ranges f ram abo U 2^0 atout Z0.9 P 

^k™,* wr tn about 200°C, preferably from about 80°C to aDOut iou ^, muie * 

drohalogenated analog thereof, is reacted wrth a P^^ he |j ^ n r ^g en fluor j de , e tc, aluminum chlor- 
consisting of basic metal compounds, ammonia and amines. Basic catalysts may oe 

& " S^per Filtro. and commercial grade su.furic acid (e.g. 93% H 2 S0 4 ) are preferred. H 2 S0 4 , especially 93% 

"tSU or ketone reactants for use in the foregoing process may be aliphatic or a-omatic. The a.i- 
phatic reactants have the general formula 

O 

and the aromatic compounds have the general formula 

ArC-Ry 

wherein R, is H or an a.iphatic hydrocarbon group containing from 1 to about 1 0 carbon atcms, preferably from 
1 to about 4 carbon atoms. Most preferably R x is H or methyl. 
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preferably, one carbon atom. 

Examples of ketones useful in the process of this invention are acetone, methyl ethyl ketone, methyl iso- 
butyl ketone, phenyl methyl ketone and the like. y 

Examples of useful aldehydes are formaldehyde (derived from, for example, 37% aqueous formaldehyde 
paraformaldehyde, and the like), acetaldehyde, isobutyraldehyde, benzaldehyde, and ?he like ° rma,dehyde ' 

m«ir ilTnl ^ Pr !f erred , feaCtantS f ° r USe in COup,ing ' he pheno,lc rea 9 ents in the foregoing process. For- 
maldehyde is especially preferred. »Hiw«».rur 

nJn^ZT^* ^™^ i2e am ° Um ° f 4 " a ' kyl Phen01 for coup,jn 9 with the a,d *hyde or ketone. One 
means for accomplishing th.s is to react, in the presence of an acidic catalyst, a compound of the formula 



55 



OH 



15 R, 




1 ~ TO I R l (iv) 



wherein each R, is independently a tertiary alkyl group containing from 4 to about 8 carbon atoms with an olefin 
containing at least 7 carbon atoms, or with a mixture of olefins wherein at least about 50 mo.e pe cent JS 

£2LS" n 3 • eaSt t 7 , Carb0n at ° mS> 10 a,ky,ate the Phen °' <' V > in the 4 -P° si « on ' «"an heating at an eievated 
SdThtl /h C3USe P3rtial de - t - a,k y |ation b * "■"»«- of one R, and then reacting the product ob- 
Unned thereby, ,n the presence of an acidic catalyst or a basic catalyst wherein the basic catalyst is selected 
from the group consisting of alkali and alkaline earth mete, oxides, hydroxides and aikoxides, and whe^i^ 
a kalme earth mete. ,s selected from the group consisting of calcium, barium and strontium, with an aidehyae 
or ketone wherem the molar ratio of (IV) to aldehyde or ketone ranges from about 2:1.8 to about 2 0 9 S 
peratores rang, ng from about 25°C to about 200»C, and recovering the product obtained thereby' ' ' 

th, k. > COmP ° Und ° f Formu,a < IV > with an <>'•«" is accomplished by conducting the reaction at 

the lowest possible temperature consistent with acceptable conversion and reaction times. Typically, this re- 
action w,l be conducted at temperatures ranging from about 25'C.to about 150-C, preferably from about 100-C 

beaded s ' T ^ *** ^ * ^ ^ ^Peratures'above about 160°C slid 

tL Z , Zl r SUCh tem P eratures - significant de-t-alkylation occurs and the selective alkylation with 

0 f bS , ■ mPaired • W " h Si9nif iCant alkylati0n taki "9 P' ace at vaca "' 2 or 6- pos 

itions of the aromatic ring arising from the de-t-alkylation. 

Once the desired extent of alkylation at the 4-position is completed, the temperature of the reaction mass 
s increased to at least 100°C up to the temperature at which adverse decomposition of components oTS 
reaction mass occurs This heating at an elevated temperature results in the .oss of a t-alky. group from he 

200" "r rnli'Z P M f l rre M« ParahjreS f ° r * hiS ^-'Mation reaction range from about Li to Tbout 
200 C, more preferably from 135°C to about 150°C. The extent of de-t-alkylation can be conveniently followed 
by infrared analysis until the desired extent of mono-de-t-a.k y .ation has occurred. Desirab.y. at least 90% dt 
-alMabon occurs preferably at .east 95% since it is desired that coupling of the phenol at a position orto to 
the hydroxy group is maximized. 0 

tem I he r bSeqUent r6 . aCti0n ° f the substantia,| y 2 -t- a 'M Phenol with an aldehyde or ketone is conducted at 
temperatures ranging from about 25°C to about 200°C. preferably from 80°C to about 150°C more oreferabfv 

IZ T° 1° 1 35 ° C - reaCti ° n may t3ke P ' aCe in the presence ° f a " a <*^ or basic^sT U ef u" 

" TJl ket ° ne reaCtantS ^ thS Same 35 thOSe described hereinabove. Preferred it- 
lysts are those enumerated hereinabove. 

reaclton wit?t^ a l C h°T Un ?? f F ° rmU ' a W Wh — tha SUbSCrif>t iS " 0t zer0 ' 1 he reac « on mixh " a * ^ring 
o™an h d6- e paJSarrcaT 1 ' 81 ^ ^ * ^ ^ Phen °' S bo * 

hvHr^f r?h' * Wi ". be aPParent th3t t0 ° btain com P° unds of ^-nula (I) wherein at least one of X, Y and Z is 
hydrogen, the reachon mixture will contain phenolic reactants that have unsubstituted para- (4-) positions 

mav b^l^H f ™ m about 25% to abou ' 50% of the intermediate derived from the phenol (IV) 

may be replaced w,th an equivalent amount, based on % OH. of a phenolic compound of formula 
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10 wherein the molar ratio of total phenolic compounds to aldehyde or ketone ranges from about 2:1 .8 to about 
2:0.9. 

In another embodiment, from about 25 to about 50% of the intermediate derived from the phenol (IV) is 
replaced with an equivalent amount, based on % OH, of a compound having the formula 



20 




wherein A is H or hydrocarbyl and the molar ratio of total phenolic compounds to aldehyde or ketone ranges 
from about 2:1.8 to about 2:0.9. 
25 The following Examples are provided to illustrate the compounds of this invention and methods for pre- 

paring same. These Examples are intended to be illustrative only and are not intended to be limiting upon the 
scope of the invention. All temperatures are in degrees Celsius, all pressures are atmospheric unless indicated 
otherwise and all parts and percentages are by weight. 

30 Example 1 

Part 1 

A reactor equipped with a stirrer, thermometer, a water-cooled reflux condenser vented to a dry ice/acet- 
35 one cooled condenser, a Dean-Stark trap and a submerged gas inlet tube is charged with 798 parts of 4-tet- 
rapropenyl phenol. The contents are heated with stirring to 95-1 00°C over 0.5 hours then 5 parts of 93% H 2 S0 4 
is charged. Isobutylene is then added via the submerged gas inlet tube at 2 standard cubic feet per hour (SCFH) 
for 1.7 hours at 100°C until 168 parts isobutylene have been added. The mixture is blown with nitrogen gas 
at 2 SCFH for 0.5 hours at 100°C. 

40 

Part M 

A reactor equipped with a stirrer, thermometer, water-cooled reflux condenser. Dean-Stark trap and sub- 
merged gas inlet tube is charged with 890 parts of the reaction product from Part I. The materials are heated 

45 to 34-40°C followed by rapid addition of 137 parts 37% aqueous formaldehyde. The temperature increases 
exothermically to 54-55° over 5 minutes. The reaction mixture is heated to 135° while removing water. When 
the temperature has reached 105-110°C nitrogen blowing is begun at 1.5 SCFH to aid in removal of water. The 
materials are held at 120°C for 3 hours with nitrogen blowing at 1.5 SCFH. The materials are cooled to 83°C 
followed by the addition of 4 parts 50% aqueous NaOH. The mixture is heated to 135°C with nitrogen blowing 

so at 2 SCFH followed by vacuum stripping at 135°C and 20 millimeters mercury for 10 minutes. The residue is 
cooled to 95°C under vacuum, them filtered^with a diatomaceous earth filter aid at 100°C. Gel permeation 
chromatography (GPC) of thef iltrate shows a Mw of 693 and a Mn of 591 . Percent hydroxyl by Grignard analysis 
is 5.47 (5.5 theory). 

55 



10 



SDOCID: <EP 0593301 A 1 J_> 



EP 0 593 301 A1 



Example 2 
Parti 



To a reactor equipped as described in Part I of Example 1 are charn** A7?n nor^ ^ ~ a * ^ 
phenol. The materials are heated to 40»C at which time T^TsT^V"^ 

SCFH for 4.5 hours. 6 parts by volume emulsion, 19 parts by volume water and 26 parts bv volumTteta«Jf 
pylene are collected. The temperature is reduced to 95°C followed by addition o isobuMan- , vi ule S 
gas met tube at 6.5 SCFH for 5 hours. foMowed by nitrogen blowing at 15 SCF^ for 2 houre a^ ^00°C The 
matenals are cooled to room temperature and filtered with a diatomaceous earth ti ter aid 



Part II 



a „H ^^n Ct ° r f qUi ? Ped ? described in Part 11 of Exa ">P'e 1 is charged with 2556 parts of the foregoino filtrate 
and 1250 parts xylene. The materia.s are heated to 40°C followed by the addition of 72 parte S% aaue?us 
sodium hydroxide. Over a period of 1 hour at a temperature of 40-60°C vu narJ - f aqueous 

are added in a dropwise fashion. The reaction m2SE££ ^^^^2^3^^^ 
lowing the reflux, water is removed as a xylene azeotrope with nitrogen olowtng^ 15 £S ^V^ZZll 
up to 150°C over a 2 hour period. The materials are vacuum stripped S ^nd Si temperature 

of 291. Percent OH by Gngnard analysis is 5.12% (5.9% theory). 



Example 3 
Parti 



Th. m^T 0 ' aS „ de f C : ibed in Part ' ° f tne Pilous examples are charged 3456 parts of a 4-heptyl phenol 

£aZ 2 ess, r r c fo M wed by addition of 240 parts super Fiitroi - Tne ««£^£s% 

neat ng to 105-110 C with nitrogen blowing at 1.5 SCFH for 4.5 hours. The temperature is reduced to 

Z Z V T- S add6d SUbmer9ed 938 in ' et tube at a rate of 6 '5 SCFH ovis hou " The materite 

i ferin 1 3t 1 5 SCFH f ° r 2 h ° UrS 31 10 °° C ' then cooled to ««" temperature T^e materials Z e 
filtered at room temperature with a diatomaceous earth filter aid. matenals are 



Part II 



A reactor equipped as described in Part II of the previous examples is charged with 2331 Darts of the far. 
going Product and 1250 parts xylene. The material are heated to 40°C followed by addftton of 72 carte 5oT 

2 r S are h6ated t0 r6f ' UX and held at ref ,ux for 3.5 hours. Water is removed asTxvlene 

at isS°c a rs r;° 9e r owin9 at 15Scfh whi,e heatina to i5 °° c °™ 2 •«« *^i£s; 

^v^iS^!^ """'I SUb ^ ntia " y a " x * ,ene has bea " «" °ved. The matenals are cooled 
under vacuum to 90 C. the vacuum is released and the residue is filtered with a diatomaceous earth filter aid 
GPC analysis shows a Mw of 485 and hydroxy! analysis is 5.74 (6.40 theory). at ° maCe ° US earth f l,ter auJ - 



Example 4 
Parti 



nhJn. Tr*^ eq " ipped as Ascribed in Part I of Example 1 are charged 2266 parts of a 4-tetraorocenvl 
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Part II 

A reactor is charged with 1278 parts of the above reaction product and 212 parts of xylene. While stirring, 
35 parts of 50% aqueous NaOH are added while the temperature increases exothermically to 39-40°C. To this 
5 mixture is charged 71 parts of paraformaldehyde followed by slow heating to 150°C while azeotroping water 
of reaction. The materials are then blown with nitrogen at 2 cubic feet per hour at a temperature of 120°C fol- 
lowed by vacuum stripping to 150°C at 20 millimeters mercury. The materials are cooled to 100 °C under va- 
cuum then f ilteredjhrough a diatomaceous earthfilter aid. GPC analysis shows the filtrate contains 83.9% 
of material having Mw of 719 and 16.1% having a Mw of 281 . Percent hydroxyl analysis is 5.1 (5.9 theory). 

10 

Example 5 

To a reactor equipped as described in Part I of Example 1 is charged 798 parts 4-tetrapropenyl phenol. 
The materials are heated to 40°C wherein 50 parts Super Filtrol is added. The temperature is increased to 

15 1 00°C followed by addition of 202 parts isobutylene via the submerged gas inlet tube at 2 cubic feet per hour, 
followed by cooling to 40°C. Xylene (300 parts) is added, the material is stirred for 0.1 hours while heating to 
50°C, then 56 parts paraformaldehyde are charged. The materials are heated to 150°C while removing water 
via azeotropic distillation. The materials are vacuum stripped to 150°C at 20 millimeters mercury, cooled under 
vacuum to 100°C and filtered wjth a diatomaceous earth filter aid. GPC analysis shows 64.5% of the product 

20 has Mw of 558 and 35.5% has Mw of 301. Percent hydroxyl analysis is 4.1 (5.9 theory). 

Example 6 
Parti 

25 

A reactor as described in Part I of Example 1 is charged with 3192 parts of 4-tetrapropenyl phenol. The 
materials are heated to 80°C over 0.5 hours followed by the addition of 21 parts 93% sulfuric acid all at one 
time. The materials are heated to 85°C over 0.1 hour at which time 1344 parts isobutylene are added via the 
submerged gas inlet tube at a rate of 3 SCFH over 3 hours while the temperature is maintained at 85-91 °C. 

30 The materials are held at 85° for 0.5 hours while nitrogen blowing at 2 SCFH. To this mixture is charged 6 parts 
calcium hydroxide followed by 12 parts water, the materials are heated to 130°C with nitrogen blowing at 2 
SCFH over 1.5 hours then vacuum stripped at 130°C at 20 millimeters mercury for 0.5 hours. The materials 
are cooled to 90°C under vacuum, vacuum is released and nitrogen is blown through the material at 2 SCFH. 
The residue is filtered with a diatomaceous earth filter aid. Analysis shows the product contains 99.3% by 

35 weight 2,6-di-t-butyl-4-PppPhOH. 

Part II 

To a reactor equipped as described in Part II of Example 1 is charged 1 386 parts of the above-described 
40 material. The materials are heated at 135°C for approximately 48 hours at which time analysis shows the ma- 
terials contain 7.3% by weight 2,6-di-t-butyl-4-polypropylenephenol, 88.5% by weight 2-t-butyl-4- poly propyl e- 
nephenol and 2.9% by weight of 4-polypropylene substituted phenol. 

Part III 

45 

To another reactor is charged 970 parts of the heat treated material described in Part II of this example. 
The materials are heated to 35°C with stirring, 5 parts 93% sulfuric acid is added, the materials are stirred for 
an additional 0.1 hour followed by dropwise addition over 0.2 hours of 140 parts 37% aqueous formaldehyde. 
The temperature is increased to 135°C, starting nitrogen blowing at 2 cubic feet per hour at 85°C, adding 200 
50 parts xylene at the same time, to remove water by azeotropic distillation. The materials are then stripped to 
150°C at 20 millimeters mercury, 300 parts mineral oil are added and the solution is filtered with a diatoma- 
ceous earth filter aid. Analysis of the filtrate (GPC) shows 79.8% by weight has Mw of 586 and 20.2% by weight 
Mwof 338. 

55 
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Example 7 
Parti 



Part II 



Example 8 
Parti 



Part jj 
Part HI 
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Example 9 
Parti 

5 To a reactor equipped as described in Part I of Example 1 , are charged 6650 parts of 4-tetrapropenyl phe- 

nol. The materials are heated to 75°C with nitrogen blowing at 2 cubic feet per hour, 115 parts 93% sulfuric 
are charged, followed by heating to 85°C. At 85°C t 1400 parts isobutylene are added at the rate of 1 cubic foot 
per hour for 22 hours. 

10 Part II 

To a reactor equipped as described in Example 1, Part II, are charged 418 parts 4-tetrapropenyl phenol, 
324 parts of the reaction product described in Part II of Example 8, 504 parts of the product of Part I of this 
example and 500 parts toluene. The mixture is heated with stirring and nitrogen blowing at 2 cubic feet per 

15 hour to 100°C. Nitrogen blowing is then stopped and 191 parts 37% aqueous formaldehyde are added dropwise 
over 2 hours. The temperature is increased to 150°C with nitrogen blowing at 1.5 cubic feet per hour. With stir- 
ring, 3 parts calcium hydroxide are added, stirring is continued for 1 additional hour with nitrogen blowing at 
2 cubic feet per hour, 320 parts mineral oil diluent are added and the materials are stirred for an additional 
hour at 1 50°C with nitrogen blowing at 2 cubic feeder hour. The materials are_f iltered through a diatomaceous 

20 earth filter aid. GPC analysis shows 97.9% have Mw of 534 and 2.1 % have Mw of 142. 

Example 10 

To a reactor equipped as described in Part II of Example 1, are charged 412 parts of the product described 
25 in Part II of Example 8, 1200 parts of 4-polyisobutene substituted phenol having an equivalent weight of 1200 
and 700 parts toluene. At room temperature with stirring over a 0.7 hour period 1 62 parts 37% aqueous for- 
maldehyde are added in a dropwise manner. A slight exotherm is observed. Heating is begun, removing water 
by azeotropic distillation at 110-120°C. The materials are stripped to 150°C, 5 parts lime are added, the ma- 
terials are stirred for 0.5 hours, the product is cooled to 100°C, 700 parts toluene are added and at 80°C 700 
30 parts hexane. The solution is filtered at room temperature. The filtrate is stripped to 120°C with nitrogen blowing 
at 2 cubic feet per hourthen vacuum stripped aM20°C at 20 millimetersmercury. GPC analysis of the residue 
shows 82.9% have Mw of 3682, 14.7% have Mw of 366, 2.1% have Mw of 215 and 0.3% have Mw of 169. 
Grignard analysis shows the product contains 3.01% OH. 

35 Example 11 

To a reactor as described in Part II of Example 1 , are charged 642 parts of the reaction product described 
in Part II of Example 9, 1200 parts of 4-polyisobutene substituted phenol having equivalent weight of 1200 and 
700 parts toluene. With stirring, over 0.7 hours, 162 parts 37% aqueous formaldehyde are added. Aslight exo- 

40 therm is observed. The materials are heated to 150°C removing water by azeotropic distillation with nitrogen 
blowing at 1 cubic foot per hour. The materials are held at 150°C for 1.5 hours with nitrogen blowing at 1 cubic 
foot per hour. Calcium hydroxide, 5 parts, are added and the materials are stirred for 0.5 hours at 150°C fol- 
lowed by cooling to room temperature. While cooling, 1000 parts toluene and 500 parts hexane are added. 
The solution is filtered at room temperature, and the filtrate is stripped by heating to 150°C with nitrogen blowing 

45 at 2 cubic feet per hour. GPC analysis of the residue shows greater than 95% of the product has Mw of 2888. 
The product contains 3.02% OH (3.0% theory) by Grignard analysis. 

Example 12 

so To a reactor equipped as described in Part II of Example 1 , are charged 966 parts of the product described 

in Part I of Example 7 and 600 parts toluene. Over 0.2 hours 159 parts benzaldehyde are added; the temper- 
ature rises from 22°C to 30°C. The materials are heated to 135°C, removing water by azeotropic distillation. 
The materials are held at 135°C for 2 hours with nitrogen blowing at 1 cubic foot per hour then cooled to 90°C. 
Calcium hydroxide, 10 parts, are charged and the materials are reheated to 145°C with nitrogen blowing at 

55 1.2 cubic feet per hour followed by vacuum stripping at 135-145°C and 20 millimeters mercury. The residue is 
filtered with a diatomaceous earth filter aid. 
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Example 13 
Parti 



5 na teaCU ?, Bquipped with a stirrer - thermometer, reflux condenser and gas inlet tube are charoed 1410 
parts d,mer. 2 ed decene (Brayco) having a bromine number of 55 and 1030 parts of 2 6 di t nShJ 

ores ure or 2 5 J^ilSS" 8 T" 8 Dean " Stark «"* stri PP ed to 90-95°C at 5 millimeters mercur£ 
in ZrtZ \l ? ' atatmosphenc pressure with nitrogen blowing to 145-150-C held at 145-150°C 

10 for 5 hours then stripped to 145-150«C at 5 millimeters mercury 



Part II 



55 



.0 A \ eaC }°' ™ ar9ed With 582 PaftS ° f the product of Part 3 5 P^ts of para-toluene sulfonic acid and 
95«C and hi! TT* forma,deh * de ' addin 9 < he formaldehyde dropwise. The temped isrcreatd to 
95 C and the materials are refluxed at 95-100°C for 3 hours followed by stripping to 110°C a 5 TrZ« 
mercury. The residue is filtered through a diatomaceous earth filter aid m.lhmeters 



Example 14 
Part I 



*m£?T ' S C , If ^ W 725 PartS ° f P 0, yP ro Py ,e ne tetramer and 1 030 parts of 2,6-di-t-butyl phenol de- 
Z -n Example 1 3. The materials are heated to 40»C whereupon 88 parts Super Fiiol are added nibooet 
b owing at 0 5-1 cubic.feet per hour is begun and the temperature is increased to 95'C over4 houre 'iSSSZ 

heated 

iZtlU e J^mJTl h ° UrSl S,r,PPed 10 145 - 15 °° C 31 5 mi " imetere then filtered through a 



tomaceous earth filter aid. 
30 Part II 



To a reactor are charged 450 parts of the filtrate from Part I, 80 parts benzaldehvde and 2 5 n*ru nara 
toluene sulfonic acid. Toluene, 250 parts is added, the materials are h^tolS^^h^ShE 

to room" t^rf ark .o aP - ^ mat6ria,S StriPP6d 10 1 2 °° C at 5 mi,,imeters — cury preLureThe JSS 
to room temperature. 52 parts mineral oil diluent are added, the mixture is heated to 1 40^ and held at 140°C 



Example 15 
Parti 



and to30 oats o 2 72 7! , 2 k par s ° f a mixture ° f C ^ al P ha olefins ^9 a bromine number of 39.1 
lul S 7 i . I bUtyl Phen °' described in Example 13. The materials are heated to 60°C 154 parts 
red ^ ! d ' h ! at6d 10 8500 With nitr ° 9en b, ° win 9 and held at 90-95«C for 9.5 hours until he infra 

red spectrum showed no further change. The materials are stripped to 95°C at 20 mil.imeterTmercury 



Part II 



n a r^7o/ ha ' 96 W ' th 431 partS ° f the product of P art 2-5 parts of para toluene sulfonic acid and 30 

Sm^ aqUe ° US f ° rmaldeh * de - Tne ma tena.s are refluxed for 3 hours at 95-100X, «otp^?oSS 
millimeters mercury pressure and filtered with a diatomaceous earth filter aid 

As indicated I hereinabove, the products of this invention have utility as antioxidants for a wide varietv of 
organ.c compositions. Such compositions include, but are not necessarily limited to, syn hetic resins includino 
engineering plast.cs such as building construction materials and automobile parts various e as tomers both 

Z Z^H TTt ° i,S ' fUe,S " The COmp ° UndS ° f this invenBon have Sn^pSK^v^ 
ble as antioxidants for use in lubricating oils and normally liquid fuels Particularly valua 

Lubricating oil compositions may be based on a wide variety of oils of lubricating viscosity including syn- 
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thetic and natural oils. The compounds of this invention are used in lubricating oils in minor amounts, sufficient 
to improve the anti-oxidancy performance thereof. These amounts often range from about 0.1% to about 20%, 
frequently from about 0.2% to about 10%, and more often from about 0.3% to about 3%, all by weight. Lubri- 
cating compositions containing the compounds of this invention may also include additives designed to en- 
5 hance other properties of the composition. 

Lubricating oil compositions comprising the compounds of this invention are based on natural and synthetic 
lubricating oils and mixtures thereof. These lubricants include crankcase lubricating oils for spark-ignited and 
compression-ignited internal combustion engines, such as automobile and truck engines, marine and railroad 
diesel engines, and the like. Automatic transmission fluids, two-cycle engine lubricants, transaxle lubricants, 
10 gear lubricants, metal-working lubricants, hydraulic fluids and other lubricating oil and grease compositions 
can also benefit from the incorporation therein of the phenolic compounds of this invention. 

In addition to the compounds of this invention, the use of other additives is contemplated. 

It is frequently useful to incorporate, on an optional, as-needed basis, other known additives which include, 
but are not limited to, dispersants and detergents of the ash-producing or ashless type, auxiliary antioxidants, 
15 anti-wear agents, extreme pressure agents, emulsif iers, demulsifiers, foam inhibitors, friction modifiers, anti- 
rust agents, corrosion inhibitors, viscosity improvers, pour point depressants, dyes, lubricity agents, and sol- 
vents to improve handleability which may include alkyl and/or aryl hydrocarbons. These optional additives may 
be present in various amounts depending on the intended application for the final product or may be excluded 
therefrom. 

20 The ash-containing detergents are the well-known neutral or basic Newtonian or non-Newtonian, basic 

salts of alkali, alkaline earth and transition metals with one or more hydrocarbyl sulfonic acid, carboxylic acid, 
phosphoric acid, mono- and/or dithio phosphoric acid, phenol or sulfur coupled phenol, and phosphinic and 
thiophosphinic acid. Commonly used metals are sodium, potassium, calcium, magnesium, lithium, copper and 
the like. Sodium and calcium are most commonly used. 

25 Neutral salts contain substantially equivalent amounts of metal and acid. As used herein, the expression 

basic salts refers to those compositions containing an excess amount of metal over that normally required to 
neutralize the acid substrate. Such basic compounds are frequently referred to as overbased, superbased, etc. 

Dispersants include, but are not limited to, hydrocarbon substituted succinimides, succinamides, carboxylic 
esters, Mannich dispersants and mixtures thereof as well as materials functioning both as dispersants and vis- 

30 cosity improvers. The dispersants include nitrogen-containing carboxylic dispersants, ester dispersants, Man- 
nich dispersants or mixtures thereof. Nitrogen-containing carboxylic dispersants are prepared by reacting a hy- 
drocarbyl carboxylic acylating agent (usually a hydrocarbyl substituted succinic anhydride) with an amine (usu- 
ally a polyamine). Ester dispersants are prepared by reacting a polyhydroxy compound with a hydrocarbyl car- 
boxylic acyiating agent. The ester dispersant may be further treated with an amine. Mannich dispersants are 

35 prepared by reacting a hydroxy aromatic compound with an amine and aldehyde. The dispersants listed above 
may be post-treated with reagents such as urea, thiourea, carbon disulfide, aldehydes, ketones, carboxylic 
acids, hydrocarbon substituted succinic anhydride, nitriles, epoxides, boron compounds, phosphorus com- 
pounds and the like. These dispersants are generally referred to as ashless dispersants even though they may 
contain elements such as boron or phosphorus which, on decomposition, will leave a non-metallic residue. 

40 Extreme pressure agents and corrosion- and oxidation-inhibiting agents include chlorinated compounds, 

sulfurized compounds, phosphorus containing compounds including, but not limited to, phosphosulfurized hy- 
drocarbons and phosphorus esters, metal containing compounds and boron containing compounds. 

Chlorinated compounds are exemplified by chlorinated aliphatic hydrocarbons such as chlorinated wax. 
Examples of sulfurized compounds are organic sulfides and polysulfides such as benzyl disulfide, 

45 bis(chlorobenzyl)-disulf ide, dibutyl tetrasulf ide. sulfurized methyl ester of oleic acid, sulfurized alkylphenol, sul- 
furized dipentene, and sulfurized terpene. 

Phosphosulfurized hydrocarbons include the reaction product of a phosphorus sulfide with turpentine or 
methyl oleate. 

Phosphorus esters include dihydrocarbon and trihydrocarbon phosphites, phosphates and metal and 
so amine salts thereof. 

Phosphites may be represented by the following formulae: 



55 



o 
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RO P OR 
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H 
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or 



, . (RO) 3 P 
^rbon n ba a se h d g^Z*""*""* h ^ en or a hydrocarbon based group, provided at .east one R is a hydro- 

s Phosphate esters include mono-, di- and trihydrocarbon-based phosphates of the general formula 

(RO) 3 PO. 

MSI nC ', Ude ^ 0n0 ~' * trialkyl: m0n0 ■• di " and triar >" and mixed and aryl phosphates 

Metal containing compounds include metal thiocarbamates. such as zinc dioctyldithiocarbamate and ba 

- pXn^^ 

Boron containing compounds include borate esters and boron-nitrogen containing compounds oreoared 
for example, by the reaction of boric acid with a primary or secondary alkyl amine C ° mP ° UndS prepared ' 
Viscosity .mprovers include, but are not limited to, polyisobutenes. polymethacrylate acid esters oolva 

Pour point depressants are a particularly useful type of additive often included in the lubricating oils de 
sius-Hiles Company Publishers, Cleveland, Ohio, 1967). 



20 
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Diluents include such materials as high boiling petroleum naphthas, mineral oil, etc. When used thev are 
typically present in amounts ranging from about 5% to about 50% by weight * 

m^ A p f ! am , a9er ll USed l ° redUCe ° f preventthe formation of stable foam include silicones or organic poly- 
mers. Examples of these and additional anti-foam compositions are described in "Foam Control Agents" bv 
Henry T. Kerner (Noyes Data Corporation. 1976), pages 125-162. ' M 

These and other additives are described in greater detail in U.S. Patent 4,582,618 (column 14 line 52 
through column 17. line 16, inclusive), herein incorporated by referee for its disclosure of oddites thai 
may be used in the compositions of the present invention aaoinves tnat 

dihi JntlT P ° nentS m 7 be b ' ended t096ther in any Suitab,e manner and then admixed, for example with a 

comoll?, 3 K° nC H ! 38 diSCUSSed be ' 0W - ° f With 3 ,ubricatin 9 oil ' as disc - s «d be.ow. Alternatively 
components can be adm.xed separately with such diluent or lubricating oil. The blending technique for 2 
the components ,s not criticai and can be effected using any standard technique, depending upon the s£c c 

blenlo 1 r V^T" 9enera1, b ' endin9 Ca " be accom P |ishe < at room temped; howev^ 

blending can be facilitated by heating the components ' 

Th e v A L P n e h ViOUSly , ind L Cated ' compositions of the P^ent invention are useful as additives for lubricants 

luLTL, 7*7 I". 3 Variety ° f ' UbriCant basestocks "Wing diverse oils of lubricating viscosity in 
cludmg natural and synthetic lubricating oils and mixtures thereof scos.iy. 

and o^h! ' 'r 1 ^ 6 a , m ' mal ° NS ' Ve9etable ° ilS ' mineral lubrica «"9 oils, solvent or acid treated mineral oils 
2J£2TT\ "J ^ T ' Synth6tiC ' UbriCating 0,,S inC ' Ude h y dro <=arbon oils, halo-substituted hyd ol 
aTcoZ es^T D r I P VmerS ; eSte,S ° f Carb ° Xy,iC addS and esters of Po'ycarboxylic acids'and 

thereof P"°sphorus-conta,n,ng acids, polymeric tetrahydrofurans. silicon-based oils and mixtures 



*o thereof. 



tent ^0^0^10728? h° ^"^' UbriCatin9 ViSCOSity are described in US - Pat «"t 4.326.972 and European Pa- 
tent Publication 107.282. both herein mcorporated by reference for their disclosures relating to lubricatina oils 

Cncal'n ^ PH0n , Of ,Ub T ant b3Se ° i,S aPP6arS in a " artide b * P-V-B"** - "Lubricant Base O Z Tu" 
lor Tl^ e "T , ^ 43 ' P39eS 184 - 185 ' March ' 1987 - This article is herein incorporated by referent 
?582 fi u T S 'o , 9 l° ' UbriCatin9 ° i,S - A descri P tio " * oils of lubricating viscosity occurs in U S Patent 
^SSX^ZZS**™ 3 ' 63 ' ~ "«* — d * reference for its £ 

thJarlTfT^ COmP ° nentS ° f thiS invention can be added directly to the lubricant. Preferably, however 
^ xylene t XTlllT^ ^ ^ di ' Uent SUCh as mineral * " a P"^. toluene 

bv of he cnmnJ ? C ° nCantrate - Th6Se Concentrates usua "V contain from about 10% to about 90% 
IZ Str lnnl C °T " sed ,n »na composition of this invention and may contain, in addition, one or 

s"neS 

All l h Z f tlT' n9 E ? mP ' eS '"u 5 ^ 6 additiVe concentr ates useful for preparing lubricating oil compositions 
M parts and percentages are by weight and are given on an oil or diluent free basis except for the producte 
of the preceding Examples in this specification which are not adjusted for diluent content 
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Example A 

An additive concentrate for use in preparing lubricating oil compositions is prepared by blending 6.12 parts 
of a reaction product of ethylene polyamine with polyisobutenyi (Mn approx. 1000) succinic anhydride, 3.67 
parts of a magnesium alkyl benzene sulfonate having a metal ratio (metal to sulfonate equivalents) of 14.7, 
7.41 parts of a calcium alkyl benzene sulfonate having a metal ratio of 20, 1 .36 parts of glycerol monooleate, 
3.47 parts of a zinc salt of mixed isobutyl-primary amyl dithiophosphate, 3.54 parts of a zinc salt of a mixed 
isopropyl-methylamyl dithiophosphate, 1.16 parts of an alkylated diphenyl amine, 13.61 parts of the product 
of Example 2, 0.07 parts of a kerosene solution of a silicone antifoam, 21 .43 parts of a reaction product of an 
ethylene polyamine with polyisobutenyi (Mn approx. 1700) succinic anhydride and 38.16 parts mineral oil dilu- 
ent. 

Example B 

An additive concentrate for use in preparing lubricating oil compositions is prepared by blending 18.27 parts 
of a reaction product of an ethylene polyamine with a polyisobutenyi (Mn approx. 1700) succinic anhydride, 
7.06 parts of an ethylene polyamine post treated polyester reaction product of pentaerythritol with polyisobu- 
tenyi (1000) succinic anhydride, 11.92 parts of a zinc salt of a mixed isopropyl-isooctyl dithiophosphate, 1.06 
parts of nonyl phenoxy (polyethyleneoxy) ethanol, 3.27 parts of a magnesium alkyl benzene sulfonate having 
a metal ratio of 1 4.7, 5.30% of a calcium petroleum sulfonate having a metal ratio of 1 2, 0.05 parts of a kerosene 
solution of a silicone antifoam, 11 .74 parts of the product of Example 2 and 41.38 parts of mineral oil diluent. 

The following Examples illustrate lubricating oil compositions of this invention. All parts and percentages 
are by weight and are given on an oil-free basis except for the products of the preceding Examples in this spec- 
ification which are not adjusted for diluent content. 

Example I 

An engine lubricating oil composition contains 14.7% of the additive concentrate of Example A and 6.5% 
of an olefin copolymer viscosity improver (ECA 691 1 , Exxon) in a mineral oil basestock. 

30 " - s. 

Example II 

An SAE 15W-40 engine lubricating oil composition contains 11.33% of the additive concentrate of Example 
B, 8.51% of an 8% in oil solution of a styrene-isoprene copolymer viscosity improver and 0.21% of a 40% in 
oil solution of a styrene-maleate copolymer reacted with aminopropyl morpholine in a mineral oil basestock. 

Example III 

A 5W-30 engine lubricating oil composition contains 12.7% of an 8% in oil solution of a styrene-butadiene 
copolymer, 0.2% of a 40% in oil solution of a styrenemaleate copolymer reacted with aminopropyl morpholine 
and 11 .71 parts ofan additive concentrate made up of 23.06 parts of the reaction product of ethylene polyamine 
with polybutenyl (Mw approx. 1700) succinic anhydride, 8.63 parts of the zinc salt of a mixed methylamyl-iso- 
propyldithiophosphoricacid, 0.68 parts of a copper salt of a mixed methylamyl-isopropyl dithiophosphoricacid, 
0.85 parts of oleylamide, 5.55 parts of 2,6-di-t-butyl-4-tetrapropenyl phenol, 6.15 parts ofan overbased sodium 
polybutenyl (Mw approx. 1000) succinate, 1.45 parts ofan overbased magnesium alkyl benzene sulfonate hav- 
ing a metal ratio of 14.7, 3.5 parts of the product of Example 7, 50.13 parts of mineral oil diluents and 0.07 
parts of a kerosene solution of a silicone antifoam in a mineral oil basestock. 

Example IV 

An SAE 80W-90 gear lubricating oil composition contains 0.02% of a kerosene solution of a silicone anti- 
foam, 0.06% of a 40% in alkylated aromatic compound solution of an acrylic polyester, 0.04% of a styrene- 
maleate copolymer reacted with aminopropyl morpholine, and 10% ofan additive concentrate containing 16.9 
parts of a zinc salt of a mixture of 2-ethyl hexyl d it hio phosphoric acid and 2-ethyl hexanoic acid, 10 parts of 
the product of Example 3, 5 parts of a borated C 16 alpha-olef in epoxide, 2.5 parts of the reaction product of 
polyisobutenyi (Mw approx. 1000) succinic anhydride with N,N-diethylethanolamine, 30 parts of sulfurized iso- 
butylene containing about 42% by weight of sulfur, 15.6 parts of a calcium overbased, polyisobutenyi (Mw ap- 
prox. 1000) succinic acid post treated, alkyl benzene sulfonic acid and 20 parts of mineral oil diluents in a min- 
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eral oil basestock. 
Example V 

A hydraulic oil contains 10% of the product of Example 3 in a SOON mineral oil. 
Example VI 

A 2-cycle engine lubricating oil composition contains 0.2% of a styrene-maleate copolymer pour point de 
pressant Hitec E-672, Ethyl), 0.01% of blue dye, 18% Stoddard Solvent and 10% of a produc t pr^ed 
stant.ally m accordance with the procedure of Example 2 in a mineral oil basestock. 

Example VII 



JS^? ? «>mpos,t.on contains 0.02% of a kerosene solution of a silicone antifoam, 1% of a 
40% .n 0,1 solution of a styrene-maleate copolymer reacted with aminopropylmorpholine and 7 5% of an additive 
concentrate containing 7.87 parts of a borated-reaction product of an ethylene po.yamine wi h pSZE22 

25 T° X - ?° } SUCCiniC anhydrid6 ' 15 46 partS ° f the reactton P raduct of a methylamy. ditKSIS 
acid w,th propylene ox,de which is reacted with phosphorus pentoxide and is neutralized with a C X 

sX^u^TIT™?* ' , R ° hm HaaS)> 13 - 33 PartS ° f the product of *«" P'« 3. 1 33 pa t^ of 
an 80 /o solution ,n a hydrocarbon solvent of the reaction product of dimercaptothiadiazole formaldehyde and 

To^Zt f^:^ 3 4 ° % SOlUti ° n " 3 hydr0Carb ° n S ° ,Vent ° f an acr ^ P°'^- anlam ^3 paS 
of oleylam.de 0.36 parts of mono.sopropanol amine. 48.67 parts of a sulfurized isobutylene containing about 
42% by weight sulfur and 7.98 parts mineral oil diluent in a mineral oil basestock 

^ As indicated hereinabove, the compounds of this invention may be used as additives for normally liquid 

allv c T Q h n,l e L S r ed fUe i COmpositions of this inventf °n well known to those skilled in the art and usu- 
ally contain a major portion of a normally liquid fuel such as hydrocarbonaceous petroleum distillate fuel fe a 

7£ll7lZ a l T ,ned AS ™ Sp6Cif icati °" D - 439 " 73 — *— or fuel oil as deHned^ASTM Spet 
oTnd L rl f T non - h y droca rt>°naceous materials such as alcohols, ether, organo-nitro com- 

the ™ l? h (6 ; 9 -' ethan01 ' di6thyl ether ' methyl ether - nitromethane) are also withTn 

Ihale ^nd c^. LT » S r " qUid fU6,S d6riVed fr ° m V69etable ° r mineral sources su <* as corn, alfalfa" 

Examples of fuel mixtures are combinations of gasoline and ethanol. diesel fuel and ether gasoline and 

TTtXZ? ^ PartiCU ' ar ^ P referred is 9 asoli -- ^at is. a mixture of hydrocarbons having a I A^bciting 
pomt of 60°C. at the 10% distillation point to about 205°C. at the 90% distillation point 9 
Generally, these fuel compositions contain an amount of at least one compound of this invention sufficient 

IZt 10 nT T a K? d ? r diSP8rSant d6ter9ent Pr ° perties to the fuel = usua «.y this amount" abo" to 
about 10,000 preferably 4 to 1.000. more preferably 10 to 500. parts by weight of the compound per mil ion 

sk I n tL a e rf Th Fue ' c °™P°f °"s may also contain other additives which are well known to those of 

such as "hanl. and M T"' ^ 35 ethe '" -ethy.-t-buty. ether and the like, alcohols 

dtlltl , ' scavengers such as halo-alkanes (e.g.. ethylene dichloride and ethylene 

tZZZ Zk h • ,mprOVerS ' antioxidants such as 2,6 di-tertiary-butyl-4-methylphenol. rust inhibitors 

mul^rf y Su , c " n ' cac ' ds and anhydrides, bacteriostatic agents, gum inhibitors metal deactivator^ 

~ a ^^Z^ ntS - antMCi " 9 39entS and Nke - " * ^ — *^ as 

While the invention has been explained in relation to its preferred embodiments, it is to be understood that 
various medications thereof will become apparent to those skilled in the art upon reading the 

Si 61 " 6 K re ;J ' S l ° b6 Underetood that the in ^ntion disclosed herein is intended to cover such modffS ons as 
fall within the scope of the appended claims. moauicanons as 

Claims 

1. A compound having the general formula 
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n 



wherein each R, is independently a tertiary alkyl group containing from 4 to about 8 carbon atoms and 
each of X, Y and 2 is independently hydrogen or a hydrocarbon-based group, provided at least one of X, 
Y and Z is an aliphatic hydrocarbon group containing at least 7 carbon atoms, and wherein is different 
from the at least one of X, Y and Z that is an aliphatic hydrocarbon group containing at least 7 carbon 
atoms, R 2 is an alkylene or alkylidene group, and n is a number ranging from zero to about 4. 

A compound according to claim 1 wherein n=1, and Y is a group of the formula 



OH 




W 



wherein W is a hydrocarbyl group. 

A compound according to claim 1 or 2 wherein each R, is independently a tertiary butyl group, a tertiary 
amyl group or a tertiary octyl group. 

A compound according to any one of claims 1 to 3 wherein at least one of X, Y and Z is an aliphatic hy- 
drocarbon group containing at least 7 and up to about 100 carbon atoms. 

A compound according to any preceding claim wherein none of X, Y and Z contains more than about 10 
aliphatic carbon atoms in an unsubstituted straight-chain configuration. 

A compound according to any preceding claim wherein R 2 is a methylene group. 

A compound according to any preceding claim wherein each of X, Y and Z independently contains from 
about 8 to about 15 aliphatic carbon atoms, each R^ is a tertiary butyl group, and n ranges from 0 to about 



A process comprising reacting in the presence of an acidic catalyst, at a temperature ranging from about 
25°C to about 200°C, a phenol, or mixture of phenols, of the formula 
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15 



20 



on 



10 with an olefin of the formula 

R 



45 



50 



55 



c = c 



cm) 



8 



9. 



wherein each of Rs-R, is independently H or an alkyl group with the proviso that at least both of R s and 
Re or both of R 7 and R, are alkyl and the total number of carbon atoms in the olefin does not exceed 8 
and wherein the molar ratio of (II) to (III) ranges from about 1:0.95 to about 1:1.2, and then reSng the 

alysHs SSZ ta"' * ^ " "° * 3 baSiC M the bSca^ 

^:™zx^:ir^: mxides and wherein the a,ka,ine — — - ~ 

Tz^ t a l d nT? t ° r T Whefein thS m ° lar rati ° ° f (,,) l ° a,dehyde or ketone ra "9es from about 2:1 .8 
tained"hereby temPeratUr6S rangin9 fr ° m about 25 ° C to about 200°C, and recovering the product ob- 

A process according to claim 8 wherein the acid catalyst comprises sulfuric acid. 

10 ' lT„mn aCC ° rdi " 9 '° claim 8 or 9 wherein «4 contains from 7 to about 100 aliphatic carbon atoms, the 
o kl? Z ^ k ST ,S ° but y |ene ' Xylene and diisobutylene. and the reaction with an aidehyde 
35 or ketone is with an aldehyde containing from 1 to about 4 carbon atoms. 

11 - i^TSKSS - claims 8 10 1 0 wherein the catelyst for the reaction with an a,dehyde 

13. The process of any one of claims 8 to 12 wherein from about 25% up to 50% of the R, groups are hydrogen. 



14. A process comprising reacting in the presence of an acidic catalyst a phenol of the formula 

OH 

i R, 

(IV) 




t n X ™„J ? 1 Pen( ? nt,y 3 terbary a ' kyl 9roup containi "9 ft«n 4 to about 8 carbon atoms with 

an o efin containing at least 7 carbon atoms to alkylate the phenol (IV) in the 4-position. then heating at 
an elevated temperature sufficient to cause partial dealkylatJon by removal of one R, group to form an 
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intermediate reactant, and then reacting the intermediate obtained thereby, in the presence of an acidic 
catalyst or a basic catalyst wherein the basic catalyst is selected from 

alkali and alkaline earth metal oxides, hydroxides and alkoxides, and wherein the alkaline earth metal is 
selected from calcium, barium and strontium, 
5 with an aldehyde or ketone wherein the molar ratio of (IV) to aldehyde or ketone ranges from about 2:1 .8 

to about 2:0.9, at temperatures ranging from about 25°C to about 200°C, and recovering the product ob- 
tained thereby. 

15. A process according to claim 14 wherein each R 1 is a tertiary butyl group, and the olefin contains from 7 
10 to about 100 aliphatic carbon atoms. 

16. A process according to claim 14 or 15 wherein following the removal of one group the compound ob- 
tained thereby is reacted with an aldehyde. 

is 17. A process according to any one of claims 14 to 16 wherein the catalyst is an acidic catalyst. 

18. A process according to any one of claims 8 to 17 wherein the acidic catalyst is neutralized following the 
reaction with the aldehyde or ketone. 

19. A process according to any one of claims 14 to 1 6 wherein the catalyst for the reaction with an aldehyde 
20 or a ketone is the basic catalyst. 

20. A process according to any one of claims 14 to 19 wherein the molar ratio of (IV) to aldehyde or ketone 
ranges from about 2:1.1 to about 2:0.95. 

25 21. The process of any one of claims 14 to 20 wherein from about 25% to about 50 mole percent of the inter- 
mediate derived from the phenol (IV) is replaced with a phenolic compound of formula 



OH 



30 




H 

35 



wherein the molar ratio of total phenolic compounds to aldehyde or ketone ranges from about 2:1.8 to 
about 2:0.9. 

40 22. The process of any one of claims 14 to 21 wherein from about 25 to about 50 moie percent of the inter- 
mediate derived from the phenol (IV) is replaced with an equivalent amount, based on % OH, of a com- 
pound having the formula 



45 



50 



OH 




55 wherein A is H or hydrocarbyl and the molar ratio of total phenolic compounds to aldehyde or ketone ranges 

from about 2:1.8 to about 2:0.9. 

23. A composition comprising a major amount of (A) an organic composition selected from 
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^mS.,nH d a r t i etiC t reSinS ' rUbb r' ° i,S ' n0rma " y ,iquid fue,S and waxes and a amount of (B) a 
compound according to any one of .claims 1 to 7. 

24. The composition of claim 23 wherein the organic composition (A) is an oil of lubricating viscosity. 

25. The composition of claim 23 wherein the organic composition (A) is a normally liquid fuel. 

26. An additive concentrate for use in preparing lubricating compositions and normally liquid fuel compositions 
ofl^ 
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